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COURSE 1 :

CONSERVATION PRINCIPLES IN ENGINEERING

COURSE OBJECTIVES

By the end of this course, the student should be able to:

1. list the physical quantities that are conserved
and those that can be accounted for;

2. state the general conservation laws for those properties that are conserved

and state the general accounting balances for the properties which are not

conserved.

3. For a specific engineering problem:

a. identify an appropriate system, surroundings and time period based on a
verbal or written description of the problem or a visual observation of the

physical system;

b. identify the quantities to be conserved and those that can be accounted

for in the system and surroundings;

c. construct the appropriate conservation laws and accounting balances;

d. delineate the specifications and data required for the model if the
number of independent equations is to equal the number of unknowns;

e. make appropriate assumptions, but retain the important elements of the
problem;

f. state whether the model is descriptive or predictive;

g. solve the resulting equations which describe the model;

h. discuss the phys i relevance of the numerical values for the solution
and the physical relevance of the problem in general;

state the distinction between the mathematical model and the physical
reality the model attempts to describe;

In addition, the student should:

4. develop a cooperative attitude towards learning;

5. take an active role in her or his education;

6. strive for continuous improvement.
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Course 1 : Conservation Principles in Engineering

1. TOPIC : Introduction

READ : Series Editor's Preface, pps iii-iv
Chapter 1 , pps 3 - 5

-- .1

M / 24 / AUG

FOR M / 24 / AUG

Rl. RECITATION : Introduction (Cont.) , "Fun Math Test"

2. TOPIC : The Big Picture : Accounting Concept

STUDY Chapter 2 , pps 6 - 14
QUESTIONS 1, 2, 9 and 13 (pp 27)

T/ 25 / AUG

FOR W / 26 / AUG

3. TOPIC : The Big Picture : Conservation

STUDY Chapter 2 , pps 14 - 22
PROBLEMS 1, 2, 3 and 5 (pps 28 - 29)

F/ 28 / AUG

FOR F / 28 / AUG

4. TOPIC : Conservation Principles

STUDY : Chapter 2 , pps 22 - 27
PROBLEMS 4, 6, 7 and 11 (pps 29 - 31)

M / 31 / AUG

FOR M / 31 / AUG

R2. RECITATION : TBA T / 1 / SEP

5. TOPIC : Conservation of Mass

STUDY : Chapter 3 , pps 33 , 35 - 42
QUESTIONS 1, 4, 8 and 11 (pps 68 - 69)

SUBMIT Homework Assignments 2 , 3 and 4

W/ 2 / SEP

FOR W / 2 / SEP

ON W / 2 / SEP

6. TOPIC : The Rate Equation (Mass)

STUDY Chapter g , pps 43 - 49
PROBLEMS 1, 2, and 4 (pps 69 - 70)

F/ 4 / SEP

FOR F / 4 / SEP

19
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R3. RECITATION : TBA T/ 8 /SEP

7. TOPIC : Complex Mass Balances

STUDY Chapter 3 , pps 49 - 57
PROBLEMS 3 (pp 70)

* SUBMIT Homework Assignments 5 and 6

W / 9 / SEP

FOR W / 9 / SEP

ON W / 9 / SEP

8. TOPIC : Density , Flow Rates

STUDY Chapter 3 , pps 57 - 62
PROBLEMS 5 (pp 70)

F / 11 / SEP

FOR F / 11 / SEP

9. TOPIC : Chemical Reactions , Closed and Open Systems

STUDY Chapter 3 , pps 62 - 68 :

PROBLEMS 6 (pp 70 - 71)

M / 14 / SEP

FOR M / 14 / SEP

R4. RECITATION : TBA T/ 15 /SEP

10. TOPIC : Conservation of Charge

STUDY Chapter 4 , pps 76 - 88
QUESTIONS 1, 2, 5 and 6 (pp 98)
PROBLEMS 1 and 2 (pps 99-100)

* SUBMIT Homework Assignments 7, 8 and 9

W / 16 / SEP

FOR W / 16 / SEP

ON W / 16 / SEP

11. TOPIC : The Rate Equation (Charge), Kirchoff's Law

STUDY Chapter 4 , pps 88 - 98
PROBLEMS 4, 5 and 6 (pps 100-102)

F / 18 / SEP

FOR F / 18 / SEP

1 i 0
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12. TOPIC : Conservation of Linear Momentum

STUDY Chapter 5 , pps 105 - 115
QUESTIONS 1, 3, 9 and 12 (pps 128-129)
PROBLEMS 1 (pp 129)

,

M / 21 / SEP

FOR M / 21 / SEP

R5. RECITATION : Exam 1 , Chapters 1 - 4 ON T / 22 / SEP

13. TOPIC : Newton's Laws of Motion

STUDY Chapter 5 , pps 115 - 118
PROBLEMS 2, 3 and 4 (pps 129-130)

SUBMIT Homework Assignments 10 and 11

W / 23 / SEP

FOR W / 23 / SEP

ON W / 22 / SEP

14. TOPIC : Special Cases , Reference Frame

STUDY Chapter 5 , pps 118 128
PROBLEMS 5 and 6 (pp 131)

F / 25 / SEP

FOR F / 25 / SEP

15. TOPIC : Conservation of Angular Momentum - Particles

STUDY Chapter 6 , pps 134 - 142 (thru EQ 6-10)
QUESTIONS 1, 4, 8 and 11 (pps 179 - 180)

M / 28 / SEP

FOR M / 28 / SEP

R6. RECITATION : TBA T/ 29 / SEP

16. TOPIC : Angular Momentum - Rigid Bodies
STUDY Chapter 6 , pps 149 - 152 , 157 - 166 ,

Evans Supplement (4 pps)
PROBLEMS 1 and 2 (pp 180)

' SUBMIT Homework Assignments 14 and 15

W / 30 / SEP

FOR W / 30 / SEP

ON W / 30 / SEP

17. TOPIC : Conservation of Angular Momentum -

Rigid Bodies

i STUDY Chapter 6 , pps 166 - 168 (thru ex. 6-8);
1 176 - 177 (6.9, and

REVIEW 1-4, 6 8): and 178 - 179
PROBLEMS 3 and 4 (pps 180 - 181)

F / 2 / OCT

FOR F / 2 / OCT
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18. TOPIC : Conservation of Energy

STUDY Chapter 7 , pps 184 - 195
QUESTIONS 1, 4, 5 and 6 (pp 239)

M / 5 / OCT

FOR M / 5 / OCT

R7. RECITATION : TBA T / 6 / OCT

19. TOPIC : Energy in Transition

READ Chapter 7 , pps 196 - 209
PROBLEMS 1, 2 and 3 (pps 240 241)

* SUBMIT Homework Assignments 16, 17, and 18

W / 7 / OCT

FOR W / 7 / OCT

ON W / .7 / OCT

20. TOPIC : Mechanical and Thermal Energy

STUDY Chapter 7 , pps 209 - 217
PROBLEMS 4, 5 and 6 (pps 241 - 242) -.0

F/ 9 / OCT

FOR F / 9 / OCT

HARVEST MOON ON S / 11 / OCT

21. TOPIC : Electrical Energy

STUDY Chapter 7 , pps 217 - 238
QUESTIONS 12 and 23 (pps 239 - 240)
PROBLEMS 7, 8 and 9 (pps 242 - 243)

M / 12 / OCT

FOR M / 12 / OCT

R8. RECITATION : TBA T / 13 / OCT

I 22. TOPIC : Second Law of Thermodynamics

READ Chapter 8 , pps 246 - 262
QUESTIONS 2 and 8 (pp 263)
PROBLEMS 1 and 2 (pps 264 - 265) and Supplements # 1 and # 2

* SUBMIT Homework Assignments 19 , 20 and 21

W / 14 / OCT

FOR W / 14 / OCT

ON W / 14 / OCT

23. TOPIC : Particle Statics

STUDY Chapter 9 , pps 271 - 277
QUESTIONS 1, 8, 9 and 10 (pps 322 - 323) FOR

F / 16 / OCT

F / 16 / OCT
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24. TOPIC : Rigid Body Statics

READ Chapter 9 , pps 277 - 283
PROBLEMS 2 and 3 (pp 234)

M/ 19 /OCT

FOR M / 19 / OCT

R9. RECITATION : Exam 2 , Chapters 5 - 8 T/ 20 / OCT

25. TOPIC : Rigid Bodies (Cont.)

STUDY Chapter 9 , pps 283 - 293
PROBLEMS 6 (pps 325 - 326) and Supplement # 3

* SUBMIT Homework Assignments 22 , 23 and 24

W / 21 / OCT

FOR W / 21 / OCT

ON W / 21 / OCT

26. TOPIC : Analysis of Structures

STUDY Chapter 9 , pps 294 - 314
PROBLEMS 5 (pp 325) and Supplement # 4 , # 5, and # 6

F / 23 / OCT

FOR F / 23 / OCT

27. TOPIC : Analysis of Machines
STUDY Chapter 9 , pps 314 - 322
PROBLEMS Supplement # 7 (Evans !)

M / 26 /OCT

FOR M / 26 /OCT

R10. RECITATION : TBA T/ 27 /OCT

28. TOPIC : Particle Kinematics

STUDY Chapter 10 , pps 328 - 343
QUESTIONS 7 , 8, 10 and 12 (pps 399)
PROBLEMS 1 (pp 400)

* SUBMIT Assignments 25, 26 and 27

W / 28 / OCT

FOR W / 28 / OCT

ON W / 28 / OCT

29. TOPIC : Rigid Body Kinematics

STUDY Chapter 10 , pps 343 - 357
PROBLEMS 2 (pp 400)

F / 30 / OCT

FOR F / 30 / OCT
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30. TOPIC : Particle Dynamics (Kinetics)

STUDY Chapter 10 , 357 - 374
PROBLEMS Supplement # 8

M / 2 / NOV

FOR M / 2 / NOV

R11. RECITATION : TBA T/ 3 /NOV

31. TOPIC : Rigid Body Dynamics (Kinetics)

STUDY Chapter 10 , pps 374 - 387 , 396 - 398
READ Chapter 10 , pps 387 - 396
PROBLEMS (Evans !)

* SUBMIT Homework Assignments 28, 29 and 30

W / 4 / NOV

FOR W / 4 / NOV

ON W / 4 / NOV

32. TOPIC : Pressure Distribution in Static Fluids
REVIEW Chapter 5 , pps 120 - 124
STUDY Chapter 11 , pps 403 - 414
QUESTIONS 1, 3, 6 and 8 (p 442)
PROBLEMS 1 and 2 (p 443)

F / 6 / NOV

FOR F / 6 / NOV

.33. TOPIC : Forces on Submerged Areas , Buoyancy

READ Chapter 11 , pps 414 - 440
QUESTIONS 9 and 13 (PPS 442 - 443)
PROBLEM 3, 4, 5 and 6 (pps 443 - 445)

M / 9 / NOV

FOR M / 9 / NOV

R12. RECITATION : Exam 3 , Chapters 'd - 10 T/ 10 / NOV

34. TOPIC : Fluid Dynamics

REVIEW Chapter 5 , pps 124 - 126
STUDY Chapter 12 , pps 448 - 459
QUESTIONS 1 and 3 (pp 506)
PROBLEMS 1 and 2 (pp 507)

SUBMIT Homework Assignments 31, 32 and 33

F / 13 / NOV

FOR F / 13 / NOV

ON F / 13 / NOV
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35. TOPIC : Flow in Pipes and Other Closed Conduits

STUDY Chapter 12 , pps 459 - 479
PROBLEMS 3 and 4 (pp 507)

M / 16 / NOV

FOR M / 16 / NOV

R13. RECITATION : TBA T / 17 / NOV

36. TOPIC : Miscellaneous Topics , Measurement of Flow

READ Chapter 12 , pps 479 - 490
PROBLEMS 5, 6 and 7 (pps 507 - 508)

* SUBMIT Homework Assignments 34 and 35

W / 18 / NOV

FOR W / 18 / NOV

ON W / 18 / NOV

37. TOPIC : Forces Associated with Fluid Systems

READ Chapter 3 , pp 126

STUDY Chapter 12 , pps 490 - 505
PROBLEMS Supplement #9, #10, and #11

F / 20 / NOV

FOR F / 20 / NOV

38. TOPIC : Source Transformation, Superposition

READ Chapter 13 , pps 513 - 527
STUDY Chapter 13 , pps 527 - 532
QUESTIONS 9, 13 (pp 552)

PROBLEMS 1 (pp 552)

M/ 23 / NOV

FOR M / 23 / NOV

R14 RECITATION : Exam 4, Chapters 11 - 12 T/ 24 / NOV

39. TOPIC : Nodal and Mesh Analysis, Thevenin Circuit
and Maximum Power Transfer

STUDY Chapter 13 , pps 533 - 551
PROBLEMS 5 and 7 (pp 554)

* SUBMIT Homework Assignments 36 and 37

W / 25 / NOV

FOR W / 25 / NOV

ON W / 25 / NOV
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40. TOPIC : Inductance and Capacitance Revisited

REVIEW Chapter 14 , pps 556 - 563
QUESTIONS 5, 6, 11 and 12 (pp 552)
PROBLEMS 1 and 2 (pps 577 - 578)

M / 30 / NOV

FOR M / 30 / NOV

R15. RECITATION : TBA T / 31 / NOV

41. TOPIC : More on Entropy and the Second Law

STUDY Chapter 16 , pps 674 - 687
QUESTIONS 3, 4 and 13 (pps 693 - 694)
PROBLEMS 1 and 9 (N.B. Chapter 15, pps 668 - 669)

* SUBMIT Homework Assignments 38, 39 and 40

W / 2 / DEC

FOR W / 2 / DEC

ON W / 2 / DEC

42. TOPIC : Power Cycles

STUDY Chapter 17 , pps 695 - 714
QUESTIONS 1 (pp 722)
PROBLEMS 4 (pp 724 - 725)

F / 4 / DEC

FOR F / 4 / DEC

43. TOPIC : Refrigeration Cycles

STUDY Chapter 17 , pps 714 - 722
PROBLEMS 5 (pp 725)

M / 7 / DEC

FOR M / 7 / DEC

R16. RECITATION : Exam 5 , Chapters 13 , 14 , 16 and 17

* SUBMIT Homework Assignments 41, 42 and 43

T/ 8 / DEC

ON T / 8 / DEC

44. TOPIC : PERSPECTIVES AGAIN ! (or a Tour !) W/ 9 / DEC

1

45. FINAL EXAM 7:40 AM - 9:30 AM , ECG 238 ON M / 14 / DEC
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Outcomes

Competency
Category Competencies

Course 1 : Conservation Principles in Engineering

Conservation Principles and the Structure of Engineering ECE 394 A REVIEW '

System Definition I
Selection

Labeled Sketches

I

System or Free body Diagram
Surroundings
Time Period
Data (Nature)
Specifications (Human)
Parameters Shared
Coordinate System (Motion Easy?)
Required
Assumptions
Defining Relationships (Constraints)

Analysis of a
Mathematical Model

Variables (All)
Equations
Data (Nature)
S. cations Human
Parameters (Shared)
Initial Conditions (Include tO)
Remaining Unknowns

Conservation Concepts Total Mass
Elemental Mass
Total Charge
Linear Momentum
Angular Momentum
Total Energy
Entropy (Cosmos, A)

Accounting Concepts Species Mass (A)
Moles (A)
Plus Charge
Minus Charge
Electrical Energy (A,D)
Mechanical Energy (A,D)
Mechanical Ene 9 Particles, A,D
Mechanical Energy (Rigid Bodies. A.D)
Mechanical Energy (Fluid Flow. A. I)
Entropy (System, A)
Entropy (Surroundings. A)
Entropy Generation (Irreversibility)

Other Extensive Properties
Intensive Properties
Tables for Extensive Properties
KCL

KVL

BEST COPY AVAILABLE
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Course 2 - Properties of Matter

COURSE OBJECTIVES

By the end of this course the student should:

Appreciate the importance of materials in th-, practice of engineering

Understand the fundamental chemical, mechanical and thermal structure
of matter and the key distinguishing features of solid, liquid and gas

Understand the critical need for materials' properties in the application of
conservation and accounting principles

Appreciate the scope and diversity of materials' behavior

Understand how to relate the structure of matter to its properties through
models and be able to develop simple structure-property relationships

Understand the distinction between a model and physical reality

Understand the distinction between descriptive and predictive models

Be able to critically evaluate the validity/usefulness of alternative
models

In addition, the student should:

Develop a cooperative attitude in learning

Take an active role in her/his education

Strive for continuous improvement

1 2 0



Course 2 : Properties of Matter

SUMMARY OF OBJECTIVES

Atomic / Molecular Structure

RECALL SIMPLE MODELS FOR ATOMIC ORBITALS, AND UNDERSTAND THE
DISTINCTION BETWEEN OUR MODELS AND PHYSICAL REALITY. THE
STUDENT WILL DEMONSTRATE THIS UNDERSTANDING BY:

(1) SKETCHING REASONABLE PICTORIAL REPRESENTATIONS OF s, p, d
AND spd HYBRID ATOMIC ORBITALS, AND

(2) EXPLAINING IN WORDS THE DIFFERENCES BETWEEN THE MODEL
SUGGESTED BY THE SKETCH, THE MATHEMATICAL MODEL FOR
AOs, AND THE RELATIONSHIP TO PHYSICAL REALITY

UNDERSTAND THE NATURE OF MOLECULAR BONDING. THE STUDENT
WILL DEMONSTRATE THIS UNDERSTANDING BY:

(1) DEVELOPING QUALITATIVE MODELS OF MOLECULAR ORBITALS IN
SIMPLE MOLECULES USING THE LCAO-MO MODEL TO GIVE MO
ENERGIES AND MO WAVEFORMS

(2) SKETCHING REASONABLE PICTORIAL REPRESENTATIONS OF THE
MOs SHOWING DIRECTIONALITY OF BONDING AND SHARING OF
ELECTRON DENSITY

(3) ESTIMATING RESONANCE ENERGIES FOR THE GROUND STATE
(4) DETERMINING WHETHER THE CARBONIUM ION, THE NEUTRAL OR

THE CARBANION IN THEIR RESPECTIVE GROUND STATES ARE
MOST STABLE

UNDERSTAND HOW SYMMETRY CAN SIMPLIFY THE PROBLEM OF MO
DETERMINATION. THE STUDENT WILL DEMONSTRATE THIS
UNDERSTANDING BY:

(1) IDENTIFYING PLANES OF SYMMETRY INHERENT TO THE ATOMIC
ORBITALS IN A GIVEN MOLECULE

(2) IDENTIFYING APPROPRIATE "GROUP SYMMETRY ORBITALS" BASED
ON THE SYMMETRY PLANES

(3) SOLVING FOR MO ENERGIES AND WAVEFORMS BY CONSIDERING
THE SYMMETRY TYPES SEPARATELY - SINCE ORBITALS OF UNLIKE
SYMMETRY CANNOT INTERACT!

2



UNDERSTAND THE BASIS FOR THE LENNARD-JONES TYPE DIAGRAM. THE
STUDENT WILL DEMONSTRATE THIS UNDERSTANDING BY RATIONALIZING

IN WORDS THE SHAPE OF THE DIAGRAM, AND BY EXPLAINING HOW THE

DIAGRAM RELATES QUANTITATIVELY AND QUALITATIVELY TO THE

LCAO-MO MODEL.

UNDERSTAND THAT THE STABILITY/REACTIVITY OF A MOLECULE IS A
FUNCTION OF ITS ELECTRON ENERGY CONFIGURATION. THE STUDENT
lAd ILL DEMONSTRATE THIS UNDERSTANDING BY DETERMINING, FOR A

G VEN MOLECULAR ELECTRONIC STRUCTURE:

(1) POSSIBLE MODES FOR EXCITATION TO HIGHER ENERGY STATES
AND DE-EXCITATION TO LOWER ENERGY STATES

(2) THE ENERGY TRANSFERRED IN THE PROCESS(ES)
(3) WHETHER OR NOT THE MOLECULES IN THE EXCITED STATES ARE

STABLE

UNDERSTAND HOW TO BUILD A SOLID'S ELECTRON ENERGY DIAGRAM
EASED ON THE PRINCIPLES WE HAVE LEARNED IN THE LCAO-MO
METHODOLOGY. THE STUDENT WILL DEMONSTRATE THIS
LNIDERSTANDING BY SKETCHING SCHEMATIC CONTINUUM "BAND"
DIAGRAMS WHICH ARE CONSISTENT WITH DISCRETE LCAO-MO MODELS.

3
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Mechanical Structure

COMMUNICATE IN THE LANGUAGE OF THE CRYSTALLOGRAPHER, AS
DEMONSTRATED BY:

(1) THE ABILITY TO USE A LATTICE AND A BASIS TO DESCRIBE A GIVEN
LATTICE STRUCTURE

(2) THE ABILITY TO USE MILLER INDICES TO DESCRIBE LATTICE
POSITIONS, DIRECTIONS AND CRYSTAL PLANES

UNDERSTAND THAT THE POSSIBLE CRYSTAL LATTICE TYPES ARE
LIMITED TO ALLOWABLE SYMMETRY TYPES. THE STUDENT WILL
DEMONSTRATE THIS UNDERSTANDING BY BEING ABLE TO IDENTIFY THE
KEY TRANSLATIONAL, REFLECTION AND ROTATIONAL SYMMETRY TYPES
IN A GIVEN LATTICE

CALCULATE THE DENSITY OF A SOLID GIVEN ITS STRUCTURE AND
LATTICE PARAMETER(S)

UNDERSTAND THE RELATIONSHIP BETWEEN MECHANICAL STRUCTURE
AND BONDING IN A CRYSTAL. THE STUDENT WILL DEMONSTRATE THIS
UNDERSTANDING BY:

(1) EXPLAINING IN WORDS HOW BONDING DIFFERENCES LEAD TO
CLOSE-PACKED vs. LOOSELY-PACKED CRYSTALS AND IDENTIFYING
WHICH ELEMENTS SHOULD CRYSTALLIZE IN EACH

(2) PREDICTING CRYSTAL STRUCTURE IN IONIC SOLIDS

UNDERSTAND THE USE OF PHASE DIAGRAMS IN ENGINEERING. GIVEN A
PHASE DIAGRAM AND SPECIFIED CONDITIONS AND BULK COMPOSITION,
THE STUDENT SHOULD BE ABLE TO:

(1)

(2)

(3)

DE T ERMINE THE NUMBER AND TYPE (solid sol'n, liquid sol'n, solid
compound, etc.) OF PHASES PRESENT AND THEIR COMPOSITIONS
CALCULATE THE RELATIVE AMOUNTS OF EACH PHASE PRESENT
JUDGE WHETHER OR NOT THE PHASE DIAGRAM CAN BE APPLIED
IN A GIVEN PROCESSING SITUATION

23

4



1

Surface Structure

COMMUNICATE IN THE LANGUAGE OF THE SURFACE
CRYSTALLOGRAPHER, AS DEMONSTRATED BY:

(1) THE ABILITY TO USE A LATTICE AND A BASIS TO DESCRIBE A GIVEN
SURFACE STRUCTURE

(2) THE ABILITY TO USE MILLER INDICES TO DESCRIBE CRYSTAL
PLANES

CALCULATE THE SURFACE DENSITY OF A SOLID SURFACE GIVEN ITS
BULK (3D) STRUCTURE, MILLER INDICES AND LATTICE PARAMETER(S)

UNDERSTAND BOND - BREAKING MODELS FOR SURFACE ENERGIES AND
BE ABLE TO DEMONSTRATE THIS UNDERSTANDING THROUGH
CALCULATION OF SURFACE ENERGY FOR A SPECIFIED SURFACE (BULK
CRYSTAL STRUCTURE AND MILLER INDEXED SURFACE)

UNDERSTAND HOW LENNARD-JONES POTENTIAL MODELS OF BULK
CRYSTALS PROVIDE NECESSARY PARAMETERS FOR THE BOND
BREAKING MODELS, AND DEMONSTRATE THIS UNDERSTANDING BY
ADOPTING THE CORRECT PARAMETER WHEN GIVEN A QUANTITATIVE
MODEL AND KNOWLEDGE OF THE CRYSTAL STRUCTURE

124
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Course 2 : Properties of Matter

Date(s) In-class Topic / Activity Advance Reading Advance Work

8/23-8/25 Part I - MOTIVATION AND PERSPECTIVES

8/23 Paradigm Shifts
8/25 Motivation: Materials and Innovation P: Chapter 1 (all)

WB: Total Quality
Learning

8/26-10/8 Part H - THE FUNDAMENTAL STRUCTURE OF MATTER

8/26 Properties, Specifications and
Variables
Modeling and the Role of
Models

P: Chapter 2 (all)

WB: Modeling

8/27 Electronic Structure of Atoms
A simple model for molecular
structure: LCAO-MO

P: Chapter 3 (all) WB: LCAO-MO

8/30 LCAO-MO application
Relative stability
Resonance stabilization

WB: Relative
Stability and
Resonance

9/1 Symmetry
Use of symmetry to simplify
LCAO-MO calculations

WB: Symmetry

9/2 Molecular bonding dynamics
L-J diagrams
Molecular excitation, de-
excitation and dissociation
Photoemission demo

P: p. 59

pp. 349-350

WB: Molecular
Bonding Dynamics

9/3 Solid electronic structure P: pp. 62-66 WB: Relationship
of L-J. diagrams to
solids

9/6 NO CLASS: Labor day
9/8 Models to visualize solid

structure
Crystal structure

P: Chapter 4, pp.
77-94

WB: Crystal
Structure
Determination

9/9 Analysis of mechanical structure WB: bcc lattice
example



1

1

9/10 Bonding and crystal structure
Metallic, ionic and covalent
solids

P: pp. 102-107 WB: Bonding and
Crystal Structure

9/13 Miller indices P: pp. 107-110 WB: Some
Interesting
Properties of Miller
Indices

9/15 X-ray diffraction WB: X-ray
Diffraction

9/16 Solubility and Phase Diagrams
Lever rule vs. conservation

P: pp. 95-102 WB: Solid Solution
Behavior

9/17 More phase diagrams
9/20 General rules for interpretation

of phase diagrams
9/22 Surface structure

Miller indices revisited
Surface density

P: Chapter 5 (all) WB: Surface
structure

9/23 Scanning force microscopies WB: AFM

9/24 Surface energy
Binding energy
Bond breaking models

WB:. Surface
energy

9/27 Thermal structure models
Translational, rotational and
vibrational molecular energies

P: Chapter 6 (all)
pp. 153-157

WB: Molecular
Energies of Gases

9/29 Vibrational modes and the
Hooke's Law model

P: pp. 158-161

9/30 QUIZ #1: Atomic, Mechanical and Surface Structure

10/1 Entropy
Configurational Entropy
Equilibrium concentration of
defects in solids

P: pp. 161-166 WB: Randomness
and Allowed
Configurations

10/4 Permutations and entropy P: pp. 167-169 WB: Permutations,
Combinations,
Entropy

10/6 Diffusion
Diffusion mechanisms in solids

P: pp. 169-178 WB: Diffusion
Mechanisms -
Jigsaw Exercise

10/7 Fick's First Law of diffusion
Fick's 2nd Law of diffusion
T-dependence of diffusivity

P: pp. 179-189 WB: Fick's Law of
Diffusion

10/8 Application of diffusion WB: Diffusion
Problems

126
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10/11- 29 Part HI - MECHANICAL PROPERTIES OF SOLIDS AND LIQUIDS

10/11 Elasticity and Plasticity
Mechanical testing: stress-strain
behavior
Model's for Young's Modulus

P: Chapter 7
pp. 193-217

WB: Elasticity and
Plasticity: Basics

10/13 Poisson's ratio
Models for Poisson's ratio

P: pp. 218-224 WB: Poisson's
Ratio

10/14 QUIZ #2: Thermal Structure

10/15 Non-linear responses and
models

P: pp. 225-239 WB: Power Law
Model and Other
Models

10/18 Mechanical Properties of Fluids
Kinetic Theory of Gases Model
for Pressure

P: Chapter 8
pp. 245-251

WB: Mechanical
Properties of Fluids

10/20 Kinetic Theory of Gases Model
for Gas Viscosity

P: pp. 251-256 WB: Viscosity

10/21 Design Problem: Rock Concert
at Sun Devil Stadium

10/22 Newtonian and non-Newtonian
fluid behavior
Models for non-Newtonian
behavior

P: pp. 257-266 WB: Viscosity
(continued)

10/25 Surface tension P: pp. 266-269 WB: Surface
Tension

10/27 Viscoelastic behavior
Glassy. leathery, rubbery.
rubbery flow and viscous flow
The Challenger accident

P: Chapter 9
pp. 273-279

pp. 285-296

WB: Time
Dependent Models
for Complex
Materials

10/28 Problem-solving session
10/29 Spring-dashpot models for

viscoelastic response
P: pp. 279-285 WB: Complex

Materials

11/1-12/3-- Part IV - ELECTRICAL AND MAGNETIC PROPERTIES

11/1 Electrical properties
Energy Band models

P: Chapter 10
pp. 299-304

WB: Energy Band
Theory

11/3 Electron Gas model P: pp. 304-309 WB: The Classical
Treatment of an
"Electron Gas"

127
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11/4 QUIZ #3: Mechanical Properties of Solids and Liquids

11/5 Conductors and Insulators
Charge carriers
Conductivity
Mobility

P: pp. 309-312 WF3: Conductors
and Insulators

11/8 Semiconductors
Intrinsic behavior

P: pp. 313-319 WB:
Semiconductors

11/10 Dopants
Extrinsic behavior: r. and p-type

11/11 I NO CLASS: Veterans' Da''
11/12 Models for semiconductor

conductivity
Semiconductor junctions
Diodes and photo-diodes

WB: Junctions.
Diodes. Transistors

11/15

11/17 Transistors
11/18 Problem solving session
11/19 Superconductors

Dielectrics
P: pp. 319-327 WB:

Superconductors
Dielectrics

11/22 Magnetic Properties
Dipoles. magnetization. domains

P: Chapter 11
pp. 335 -34.4

I 1/24 Hall effect P: p. 345
11/25 26 I NO CLASS: Thanksgiving Recess
11/29 , Curie Temperature P: pp. 345-346
12/1 Magnetic vs. electrical

properties 1

12/2 QUIZ #4: Electrical and Magnetic Properties

12/3 Perspectives: The Big Picture
12/6 Thought Exercise: Different

Physics = Different Materials
Properties?

12/8 Review: An Intriguing
Demonstration
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COURSE 3 :
MODELING AND BEHAVIOR OF ENGINEERING SYSTEMS

COURSE OBJECTIVES

By the end of this course, the student should be able to:

1. Differentiate between the three types of knowledge:
content, procedural, and conditional.

2. Demonstrate the ability to make important engineering decisions
about the design and analysis of complex processes.

3. Model multidiscipline and highly complex single discipline systems.

4. Differentiate between symptoms of a "problem" and
the root cause of a "problem".

5. Model vs. reality.

6. Reading and interpreting a problem by extracting
important information and ignoring unimportant details.

7. Demonstrate the ability to understand systems as opposed to
solving problems.

8. Properly execute thoughts and ideas.

9. Determine system extent.
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Course 3 : Modeling and Behavior of Engineering Systems

1. TOPIC : Introduction : Knowledge Types, System I
Model Characteristics

STUDY : Chapter 1
OUTLINE AND SUMMARIZE : Chapter 1
PROBLEMS 26 and 27 (pps 21 - 22) FOR

W / 20 / JAN

W / 20 / JAN

Ri. RECITATION :TBA R / 21 /JAN

2. TOPIC : System Concepts : System I
Model Variables, Impedance

STUDY : Chapter 2 , pps 25 - 40
OUTLINE AND SUMMARIZE : Chapter 2

F / 22 / JAN

FOR F / 22 / JAN

3. TOPIC : System Concepts : Order,
Degrees of Freedom, Constraints

STUDY : Chapter 2 , pps 40 - 60
PROBLEMS 1, 2, 3, 4 and 5 (pp 59) FOR

M / 25 / JAN

M / 25 / JAN

4. TOPIC : Mechanical Systems : Free Body Diagrams,
Friction

STUDY : Chapter 3 , pps 61 - 80
PROBLEMS 3 and 7 (pp 139)

* SUBMIT Homework Assignments 1, 2 and 3

FOR

ON

W / 27 / JAN

W / 27 / JAN

W / 27 / JAN

R2. RECITATION : TBA

i

R / 28 / JAN

5. TOPIC : Mechanical Systems : Attachments,
Springs, Dampers

STUDY : Chapter 3 , pps 80 - 104
PROBLEMS 10 and 15 (pps 141 - 143) FOR

F / 29 / JAN

F / 29 / JAN

144



6. TOPIC : Problem Session

PROBLEMS 18 and 26 (pps 143 - 147) FOR

M / 1 / FEB

M / 1 / FEB

7. TOPIC : Mechanical Systems : Position,
Velocity, Acceleration

STUDY : Chapter 3 , pps 104 - 110
PROBLEMS 25 and 38 (pps 147 - 152)

* SUBMIT Homework Assignments 4, 5, and 6

FOR

ON

W/ 3 / FEB

W / 3 / FEB

W / 3 / FEB

R3. RECITATION : TBA R / 4 / FEB

8. TOPIC : Mechanical Systems : Rigid Body Contact,
Ropes and Pulleys

STUDY : Chapter 3 , pps 110 - 122
PROBLEMS 40 and 42 (pps 152 - 154) FOR

F / 5 / FEB

F / 5 / FEB

9. TOPIC : Problem Session

PROBLEMS 45 and 28 (pps 147 - 155) FOR

M/ 8 / FEB

M / 8 / FEB

10. TOPIC : Mechanical Systems : Angular Velocity

STUDY : Chapter 3 , pps 122 - 130
PROBLEMS 32 and 41 (pps 149 - 154)

*suBmrr Homework Assignments 7, 8 and 9

FOR

ON

W / 10 / FEB

W / 10 / FEB

W / 10 / FEB

R4. RECITATION : TBA

11. TOPIC : Mechanical Systems : Kinetics

STUDY : Chapter 3 , pps 130 - 139
PROBLEMS 47 (p 155) FOR

R / 11 / FEB

F / 12 / FEB

F / 12 / FEB

3
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12. TOPIC : Problem Session M / 15 / FEB

13. TOPIC : TBA

* SUBMIT Homework Assignments 10 and 11 ON

W/ 17 / FEB

W / 17 / FEB

R5. RECITATION : EXAM 1

14. TOPIC : Electrical Systems : Resistive Circuits

STUDY : Chapter 4 , pps 159 - 162
PROBLEMS 1 and 2 (p 198)

ON

FOR

R/18 /FEB

F / 19 / FEB

F / 19 / FEB

15. TOPIC : Electrical Systems : Capacitive Circuits

STUDY : Chapter 4 , pps 162 - 169
PROBLEMS 3 and 4 (p 200) FOR

M / 22 / FEB

M / 22 / FEB

16. TOPIC : Problem Session

. PROBLEMS 5 (p 200)

* SUBMIT Homework Assignments 14 and 15

FOR

ON

W / 24 / FEB

W / 24 / FEB

W / 24 / FEB

R6. RECITATION : TBA R / 25 / FEB

17. TOPIC : Electrical Systems : Magnetic Fields,
Force Generation, Voltage Induction

STUDY : Chapter 4 , pps 169 - 179
PROBLEMS 6 (p 200) FOR

F / 26 / FEB

F / 26 / FEB

4 C1
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1

18. TOPIC : Electrical Systems : Inductor Circuits

STUDY : Chapter 4 , pps 179 - 189

PROBLEMS 11 (p 201)

* SUBMIT DESIGN PROJECT NO. 1

FOR

ON

M / 1 / MAR

M / 1 / MAR

M / 1 / MAR

19. TOPIC : Problem Session

PROBLEMS 12 (p 201)

* SUBMIT Homework Assignments 16, 17 and 18 ON

W/ 3 / MAR

W / 3 / MAR

R7. RECITATION : Student Presentations (Problems 5, 6, 11, 12)) R / 4 / MAR

20. TOPIC : Electrical Systems :
Electrical Impedance Relations

STUDY : Chapter 4 , pps 189 - 195
PROBLEMS 13 (p 201) FOR

F / 5 / MAR

F / 5 / MAR

21. TOPIC : Electrical Systems : Equivalent Circuits

STUDY : Chapter 4 , pps 195 - 198
PROBLEMS 7 and 9 (odd no. teams)

8 and 10 (even no. teams) FOR

M / 8 / MAR

M / 8 / MAR

22. TOPIC : Student Presentations (Problems 7, 8, 9, 10)

* SUBMIT Homework Assignments 19, 20 acd 21 ON

W / 10 / MAR

W / 10 / MAR

R8. RECITATION : PROCESS CHECK R / 11 / MAR

23. TOPIC : Fluid Thermal Systems : Fluid Flow,
Thermo Properties, Equilibrium

STUDY : Chapter 5 , pps 203 218 FOR

F / 12 / MAR

F / 17 / MAR

5
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SPRING BREAK
TO

M/ 15 /MAR
F/ 19 /MAR

24. TOPIC : Fluid Thermal Systems : Heat, Work, Entropy,
Heat Engines and Pumps

STUDY : Chapter 5 , pps 218 - 233

* SUBMIT Tank Design Project

FOR

ON

M / 22 / MAR

M / 22 / MAR

M / 22 / MAR

25. TOPIC : Problem Session

PROBLEMS Supplemental Homework # "I FOR

W / 24 / MAR

W / 24 / MAR

R9. RECITATION : EXAM II R / 25 / MAR

26. TOPIC : Fluid Thermal Systems : Efficiency,
Carnot and Rankine Cycles

STUDY : Chapter 5 , pps 233 - 243
PROBLEMS Supplemental Homework #'s 2,3,4 and 5 FOR

F/ 26 / MAR

F / 26 / MAR

27. TOPIC : Fluid Thermal Systems :
Irreversibility and Availability

STUDY : Chapter 5 , pps 243 - 245 FOR

M / 29 / MAR

M / 29 / MAR

28. TOPIC : Problem Session

PROBLEMS Supplemental Homework #'s 6,7,8,9 and 10

* SUBMIT Homework Assignments 25 and 26

FOR

ON

W / 31 / MAR

W / 31 / MAR

W / 31 / MAR

R10. RECITATION : TBA R / 1 / APR

29. TOPIC : Multiple Discipline :
Electro-Mechanical Machines

STUDY : Chapter 6 , pps 251 - 255 FOR

F/ 2 / APR

F / 2 / APR

6
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30. TOPIC : Multiple Discipline : Hydraulic Machines

STUDY : Chapter 6 , 255 - 261 FOR

M / 5 / APR

M / 5 / APR

31. TOPIC : Problem Session

* SUBMIT Homework Assignment 28 ON

W/ 7 / APR

W / 7 / APR

R11. RECITATION : TBA R / 8 /APR

32. TOPIC : Multiple Discipline : Multi Domain Problems

STUDY : Chapter 6 , pps 266 - 274
PROBLEM Chapter 6, Supplemental HW 1 FOR

F / 9 / APR

F / 9 / APR

33. TOPIC : Multiple Discipline : Operational Amplifiers

STUDY : Chapter 6 , pps 261 - 266
PROBLEMS 1, 2, 3, and 4 (pp 277) FOR

M / 12 /APR

M/ 12 /APR

34. TOPIC : Operational Amplifiers (Continued) W / 14 / APR

R12. RECITATION : Competency Work Session ON R/ 15 /APR

35. TOPIC : Sensors and Transducers; Reality to Reality

STUDY : Class Handout

* SUBMIT Homework Assignment 32

FOR

ON

F/ 16 / APR

F / 16 / APR

F / 16 / APR

149
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36. TOPIC : Team # 9 Presentation
Example 6.2 , "A Hydraulic Acutator" M / 19 / APR

37. TOPIC : Team # 4 Presentation
Example 6.3 , "A Moderately Strong
Hydraulic Actuator W / 21 / APR

R13. RECITATION : Competency Work Session R / 22 /APR

38. TOPIC : Team # 5 Presentation
Chapter 6, Supplemental Homework Problem

* SUBMIT Homework Assignment 33 ON

F/ 23 / APR

F / 23 / APR

39. TOPIC : Team # 6 Presentation
Example 6.6 , "A System With Feedback Constraints" M / 26 / APR

40. TOPIC : Team # 8 Presentation
Example 6.7 , "An Electric Hoist" W / 28 / APR

R14 RECITATION : INTEL General Manager Presentation ON R / 29 / APR

41. TOPIC : Team # 7 Presentation
Problem 17 (pp 280)
"A DC Motor With Multiple Viscous Friction" F / 30 / APR

42. TOPIC : Team # 3 Presentation
Problem 15 (pp 280) "Matching a Motor to a Load" M / 3 / MAY

43. TOPIC : Team # 2 Presentation
Example 3.27, "A Slider Crank Mechanism,
Internal Combustion Engine"

W/ 5 / MAY

44. FINAL EXAM 7:40 AM - 9:30 AM , ECG 238
Individual Opportunities ONLY!

W/ 12 / MAY

5 0
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Learning
Outcomes

Competency
Category Competencies

Course 3 : Modeling and Behavior of Engineering Systems

Course 1 : Conservation Principles in En_gineerin.c, REVIEW

System Definition I
Selection

Labeled Sketches
System or Free body Diagram
Surroundings
Time Period
Data (Nature)
Specifications (Human)
Parameters (Shared)
Coordinate System (Motion Easy?)
Required
Assumptions
Defining Relationships (Constraints)_

Analysis of a
Mathematical Model

Variables (All)
Equations
Data (Nature)
Specifications (Human)
Parameters (Shared)
Initial Conditions (Include tO)
Remaining Unknowns

Conservation Concepts Total Mass

,

Elemental Mass
-otal Charge
Linear Momentum
Angular Momentum
Total Energy
Entropy (Cosmos. A)

Accounting Concepts Species Mass (A)
Moles (A)
Plus Charge
Minus Charge
Electrical Energy (A.D)
Mechanical Energy (A.D)
Mechanical Energy (Particles, A.D)
Mechanical Energy (Rigid Bodies, A,D)
Mechanical Energy (Fluid Flow, A, I)
Entropy (System, A)
Entropy (Surroundings, A)
Entropy Generation (Irreversibility)

Other Extensive Properties
Intensive Properties
Tables for Extensive Properties
KCL
KVL

Knowledge Types Content (Concepts)
Procedural (KnowHow)
Conditional (Decisions)

Mathematical Models I
Variable Types

Inputs
Outputs
Disturbances
Degrees of Freedom
Order
Auxiliary Variables (D0FOrder)
Constraints

Mathematical Model I
System Variables

Elton
Flow
Impedance
Interrelationships (Independence)
Power
State

BEST COPY AVAILABLE 1 51



O

Learning
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Competency
Category Competencies
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Course 3 : Modeling and Behavior of Engineering Systems

Fnction Freebody Diagrams
Single Body
Multiple Bodies

Static (Dry)
Limits
Impending Motion
Known Direction Ma nitude?
Known Force (Direction?)

Dynamic (Dry?)
Known Direction (Magnitude?)
Known Force (Direction?)

Viscous (Fluid)
Rigid Body Motion
Bearings. etc.
Dampers or Dashpots

Springs (Force, Mechanical Energy)
Static Analysis of Structures:
Trusses and Frames Only

System or Freebody Diagram
Joint (Truss and LM Only)
Member
Section
Structure

Attachments and Connections
Friction
Ropes and Pulleys
Springs (Force Only)
Tension / Compression (3rd Law)

Rigid Body Motion Freebody diagram
Dynamic Friction (Dry)
Viscous Friction
Springs (Force. Mech. Energy)
Specifying Motion (Function of t)

Acceleration. Velocity. Pos.
Method of Special Points

Known and Unknown Points
' Contact Points

Permanent
Temporary, No Slip
Temporary, With Slip

Number of Constraints
Method of Vector Loops
Angular Velocity
' Inertial Reference

Painted Line on Body
Right Hand Rule

' Adding Angular Velocities
Angular Momentum Conservation

Intertial Reference Frame
Moving Point (Fixed W/CG)

' About the Center of Gravity
Moments (RHR, Cross Product)

Multiple Rigid Bodies (Additive)
Linear Momentum, Mech. Energy

10
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Course 3 : Modeling and Behavior of Engineering Systems

Electrical Circuits /
Electrical Energy Accounting

Degrees of Freedom
Order
Circuit Elements
Resistors

Two Possible Flows
Defining Relationship
Energy Dissipation (to?)
Time Response, V and I
Impedance Relationship
High/Low Frequency

Capacitors
Defining Relationship

' Energy Storage/Release
Time Response, V and I
Switching Capacitive Loads
Steady State Response
Impedance Relationship

High/Low Frequency
Inductors

Definineelationship
' Energy Storage/Release
' Time Response, V and I

Switching Inductive Loads
Steady State Response
Impedance Relationship

HigtVLow Frequency
ExtemaVIntemal Magnetic Fields

Vector Representation, RHR
Magnetic Fluxes
External Forces

Self Induction
Mutual Induction

Modeling Induced Voltage
Transformers
DC Induction Machines

External Forces
External Torques
Torque/Current Relationships
Induced VoltJAngular Velocity
Total Energy Equation

Equivalent Impedances
Voltage F irces
Current Sources
Equivalent Sources (Transformation)
Diodes
Photodiodes
Transistors
Switches
Operational Amplifiers

Function (Reality - Reality)
Circuit Isolation
Open Loop Response
Feedback Elements
Summer
Integrator
Ditterentiator

Sensors
Function (Reality-Reality)
Types

1

. J
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Learning
Outcomes_

Competency
Category Competencies

Course 3 : Modeling and Behavior of Engineering Systems

Fluid Systems Fluid Statics/Hydraulics
Fluid Dynamics

Mechanical Energy Accounting
Steady State Flow

Turbulent
Laminar
Conservation of Mass

Power Sources
Pumps (liquids)

Compressors (gasses)
Other

Friction Losses
Conduit

Equivalent Diameter
Contraction
Expansion
Elbows
Tees
Pumps/Compressors

Flow Measurement
Orifices
Venturi
Level Measurement
Other Devices/Methods

Hydraulic Actuators
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Learning
Outcomes

Competency
Category Competencies

Course 3 : Modeling and Behavior of Engineering S_ystems

Thermal Systems /
Thermodynamics

State
State Functions
Gibbs Phase Rule
Paths

Isothermal
' Isobaric

Isometric
Adiabatic
Isentropic
Polytropic
Reversible
Irreversible

Causes of Irreversibility
' Other Paths

Path Functions
Work
Heat
Entropy Generation

Equilibrium
Phase Diagrams (LiquidNapor)

P - T
' P - V

Other
Pure Component Property

Determination
Graphical
Tabular

Single Interpolation
* Double Interpolation
Equation of State

Perfect Gas
Ideal Gas
Incompressible Liquid

" Real Fluids
Two Phase Mixtures

Thermodynamic Cycles
' Camot

Essential Elements (6)
Power
Refrigeration
Heat Pump

Other Cycles
Thermodynamic Efficiency

'Theoretical Maxfnum
' Thermal

Isentropic
Mechanical
Other Efficiencies

Availability
Property
Closed System
Open System
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